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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 



Elisabeth CSOREGI, et al. 
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Filed: January 02, 2002 
For: BIOSENSOR 



Group Art Unit: 
Examiner: 



PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, DC 20231 

Sir: 

Prior to examination of the above-referenced apphcation, please amend the application as 
follows: 

IN THE CLAIMS: 

Please amend the claims are follows: 
4. (Amended) The biosensor according to claim 1, characterised in that the mono-enzyme or 
the bi-enzyme system is crosslinked into an osmium based redox polymer. 

6. (Amended) The biosensor according to claim 1, charaterised in that the biosensor is of 
Type I, Type II or Type III type of biosensor, wherein 

Type I: the mono-enzyme or the bi-enzyme system is added direct on to the electrode surface; or 
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Type II: the mono-enzyme or the bi-enzyme system is entrapped in the osmium based redox 
polymer added on the top of the electrode; or 

Type III: the mono-enzyme or the bi-enzyme system and the osmium based redox polymer forms 
sequential coatings added on top of the electrode. 

8. (Amended) The biosensor according to claim 1, characterised in that the electrode is of 
noble metals, such as gold, silver, platinum, palladium, or carbon/graphite-based material, such a 
graphite, carbon pasted, vitrous carbon, carbon fibers, or conducting salts, or conducting 
polymers 

10. (Amended) Use of the biosensor according to claim 1, as an analytical instrument or tool 
for the detection or determination of freshness biomarkers or of the content of freshness 
biomarkers in food, such as meat from animals or fishes, or beverages. 

11. (Amended) Use of the biosensor according to claim 1, as an analytical instrument or tool 
for the detection or determination of biogenic amines, preferably histamine, in body fluids, such 
as blood, urine, sahva, sweat, in medical diagnoses or in the treatment of disease. 

12. (Amended) Use of the biosensor according to claim 1 as an analytical instrument or tool 
for the detection or determination of biogenic amines, preferable histamine, in microdialysates or 
dialysates. 
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REMARKS 



The above-referenced application is amended to delete the multiple dependency of claims 
4, 6, 8, and 10 - 12. Attached is a marked-up version of the amended claims. Entry of this 
Preliminary Amendment is respectfully requested. 
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Date: May 2, 2002 



Respectfully submitted. 



MCDERMOTT, WILL & EMERY 




Robert L. Price 
Registration No. 22,685 
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MARKED-UP VERSION OF CLAIMS 4, 6, 8, 10 -12 

IN THE CLAIMS: 

Please amend the claims are follows: 
4. (Amended) The biosensor according to [any of the preceding] claim[s] 1^, characterised in 
that the mono-enzyme or the bi-enzyme system is crosslinked into an osmium based redox 
polymer. 

6. (Amended) The biosensor according to [any of the preceding] claim[s] I, charaterised in 
that the biosensor is of Type I, Type II or Type III type of biosensor, wherein 
Type I: the mono-enzyme or the bi-enzyme system is added direct on to the electrode surface; or 
Type II: the mono-enzyme or the bi-enzyme system is entrapped in the osmium based redox 
polymer added on the top of the electrode; or 

Type III: the mono-enzyme or the bi-enzyme system and the osmium based redox polymer forms 
sequential coatings added on top of the electrode. 

8. (Amended) The biosensor according to [any of the preceding] claim[s] 1, characterised in 
that the electrode is of noble metals, such as gold, silver, platinum, palladium, or 
carbon/graphite-based material, such a graphite, carbon pasted, vitrous carbon, carbon fibers, or 
conducting salts, or conducting polymers 
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10. (Amended) Use of the biosensor according to [any of] claim[s] 1 [to 9], as an analytical 
instrument or tool for the detection or determination of freshness biomarkers or of the content of 
freshness biomarkers in food, such as meat from animals or fishes, or beverages. " 

1 1 . (Amended) Use of the biosensor according to [any of] claim[s] 1 [to 9], as an analytical 
instrument or tool for the detection or determination of biogenic amines, preferably histamine, in 
body fluids, such as blood, urine, saliva, sweat, in medical diagnoses or in the treatment of 

disease. 

12. (Amended) Use of the biosensor according [any of] claim[s] 1 [to 9], as an analytical 
instrument or tool for the detection or determination of biogenic amines, preferable histamine, in 
microdialysates or dialysates. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 



Elisabeth CSOREGI et al. 
Serial No.: 

Filed: January 02, 2002 
For: BIOSENSOR 



Group Art Unit: 
Examiner: 



PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, DC 20231 

Sir: 

Prior to examination of the above-referenced application, please amend the application as 
follows: 

IN THE SPECIFICATION: 

Please replace the attached amended pages 2 and 3 of the specification with the pages as 

filed. 

IN THE CLAIMS: 

Please replace the attached amended sheets of claims 1-12, under PCT Article 19, with 
the original claims 1-14 as filed. 



±m3 ± «:i!-£s 5 :i . o T o see 



REMARKS 



The above-referenced application has been amended to replace the amended pages 2 and 
3 with the pages as filed and replace the claims as amended under PCT Article 19, with the 
original claims as filed. Attached hereto is a clean copy of the amended pages and replacement 
pages of claims. Entry of this preliminary amendment is respectftilly requested. 



600 13"' Street, N.W. 
Washington, DC 20005-3096 
(202) 756-8000 RLP:prp 
Date: January 2, 2002 
Facsimile: (202) 756-8087 



Respectfully submitted. 
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The' present invention relates to a biosensor, which includes an 
electrode and a inono-enzyme- or a bi- enzyme -system and uses of 
the biosensor. 



BACKGROUND OF THE INVENTION 



Rapid evaluation of food and beverage, such as fish, meat, 



quality is required in food industry. The biogenic amine con- 
10 terit -in food has been intensively studied because of their po- 
tential toxicity. Histamine is the most biologically active 
compound from this class, affecting the normal f -unctions of the 



tion' Other biogenic amines, such as putrescine and cadaverine, 
15 may 'amplify the effects caused by histamine intoxication, in- 
hibiting the enzymes involved in histamine biodegradation: dia- 



Numerous coiintries adopted maximum levels for histamine in 
20 food, especially in fish products. The Italian law has fixed a 
level of 100 mg/kg food, and similar limits have been adopted 
by EEC regulations. 

Therefore, there is a need for developing of simple and inex- 
25 pensive methods for determining of freshness biomarkers. Fresh- 
ness biomarkers comprising inositol monophosphate, hypoxanthine 
and xanthine, these are intermediate degradation products of 
nucleic acids or biogenic amines, which are produced by micro- 
' bial decarboxylation of the amino acids, histidine, ornithine, 
30 and lysine. 

Classical methods for the determination of the content of bio- 
genic amines are chromatographic techniques, such as gas chro- 
•matography, thin layer chromatography, -reversed phase liquid 
35 chromatography, and liquid chromatography. However, these often 
require sample pre- treatment and relatively long analysing 
time, which leads to high costs and make these methods not 
suitable for routine use. 



heart, smooth muscle, motor neurones, and gastric acid secre 



mine oxidase and histamine -N-methyl transferase. 
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From US 5,565,329 is a method for determination of histamine 
concentration in a sample by determination of the decrease in 
dissolved oxygen (DO) known. The method involves adding a solu- 
tion of an enzymatic reagent, which have a histamine oxidase 
5 activity, into an examination liquid containing the test sample 
and detect the sensor output signal. The analyser has a reac- 
tion cell provided with a DO electrode. The enzymatic reagent 
is a Cu-containing fungal amine oxidase. Which is extracted 
from a cellmass belonging to Aspergillus Niger cultured in a 
10 culture medium including amine as a nitrogen source. This ap- 
proach is not very selective and sensitive. 

Enzymatic determination of biogenic amines represents an alter- 
native that can solve the above mentioned problems. However, 
15 most of the amino oxidase biosensors require a high operating 
potential (>500 mV vs. Ag/AgCl) , which can lead to high back- 
ground currents and low selectivity due to bias signals caused 
by electrochemically easily oxidisable interferences, which are 
always present in complex matrices, such as food or beverage, 

20 

SUMMARY OF THE INVENTION 

As is clear from the description above a rapid, accurate, sim- 
ple and handy analytical instrumental tool is needed for deter- 
mination of food hygiene all along the food process line, 
25 starting from the source to the consumer. 

With the present invention the above mentioned problems have 
been solved, the present invention offers a highly sensitive, 
selective rapid and very convenient determination and/or detec- 
30 tion of the biomarkers in very small amounts. 

Thus, the present invention relates to a biosensor for detec- 
tion and/or determination of the content of freshness biomark- 
ers in food or beverage . The biosensor comprises an electrode 
35 and a copper-containing amine oxidase derived from grass pea 

(AO, E. C. 1.4.3.6) in a mono-enzyme system, or in a bi-enzyme 
system containing said amine oxidase coupled with a peroxidase. 
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The mono-enzyme system comprising said copper containing amine 
oxidase (AO) represents one preffered embodiment of the inven- 
tion. The amine oxidase may be isolated from grass pea and pu- 
rified according to Sebela, M. , et al, Phytochem. Anal. 1998, 
5 9, 211-222, 



Another preferred embodiment of the present invention is the 
biosensor comprising the bi-enzyme system comprising said cop- 
per containing amine oxidase (AO) coupled with a peroxidase 
10 (PO) such as horseradish (HRP) , soybean, tobacco, sweet potato 
or palmtree peroxidase . 



In another preferred embodiment of the present invention the 
mono-enzyme- or the bi-enzyme- system is crosslinked into an 
15 osmium redox polymer. The osmium-based redox polymer is pref- 
erably (PVIi3-dmeOs) of poly- (1-vinyl-imidazole) , complexed 
with [OS- (4,4'-dimetylbipyridine)2 Cl]"''^'-, and a crosslinking 
agent such as poly- (ethyleneglycol) -diglycidyl-ether (PEGDGE) . 

20 Yet another embodiment of the present invention is the use of 

the biosensor as an analytical tool in the determination and/or 
detection of the freshness biomarkers in food. 



Other uses and preferred embodiments of the present invention 
25 are defined in the use-claims and the subclaims. 

DETAILED DESCRIPTION OF THE INVENTION 

Amine oxidase represents a class of enzymes with a ubiquitous 
distribution in mammals, plants and micro-organisms. However, 
30 the structure, selectivity and biological functions are very 
different, depending on the isolation source. Grass-pea amine 
oxidase, fore instance, is a copper -containing amino oxidase, 
which besides the metal ions also contains an organic cofactor 
with a quinoide structure (topa-quinone) in its catalytic site. 

35 

In methods, where an amine oxidase is used, the enzyme is con- 
verting the amine to the corresponding aldehyde, with NH3 and 
H2O2 release, according to reaction I 
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R-CH2-NR2 + H2O2 + 02-^ R-CHO + H2O2 + NH3 I 

Both oxygen consumption and hydrogen peroxide formation have 
been used for monitoring of biogenic amines on the basis of the 
above mentioned reaction. 

If. has surprisingly been shovm that the interaction between the 
material of the electrode and the enzyme (s) resulted in a very 
selective and sensitive biosensor. The electrode has to be of 
any electron conducting material, such as noble metals, car- 
bon/graphite-based material, conducting salts, conducting poly- 
mers etc . 

The mono -enzyme based biosensor according to the present inven- 
tion is based either on the amine oxidase immobilised on top of 
.an electrode (DET, direct electron transfer mechanism) or on 
amine oxidase crosslinked into a redox hydrogel forming a coat- 
ing layer on top of an electrode (MET, mediated electron trans- 
fer mechanism) . 

According to the bi- enzymatic approach of the invention, the 
bi-enzyme electrode configuration is based on the enzyme amine 
oxidase (AO) , from grass pea, and horseradish peroxidase (HHP) 
on a solid graphite electrode. The bi-enzymatic system is work- 
ing at a potential where biases are minimal. The bi-enzyme 
electrodes were prepared either by simply adsorbing the two 
enzymes on the electrode surface (DET) or by . cros si inking them 
into a redox polymer (MET) . In the latter case the highly per- 
meable and stable redox hydrogel is formed of a polyd - 
vinylimidazole) complexed with [Os (4 , 4 ' -dimetyl- 
bipyridine)2Cl]*^'* (PVi3-dmeOs ) and crosslinked to the enzymes 
by a crosslinking agent e.g. poly- (ethylene -glycol ) -diglycidyl- 
ether (PEGDGE) . 

The optimal biosensor design was evaluated in terms of sensi- 
tivity, selectivity, life- and response -time, and it was used 
for the analysis of fish samples stored under different condi- 
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tions . 
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20 



In the DET reaction mechanism, the biosensor of the present 
invention amine oxidase first converts the amine substrate 
(e.g. histamine) to an aldehyde product, the active form of the 
enzyme being recovered by oxidation of the organic cof actor in 
.^presence of molecular oxygen according to reaction mechanism 
II: 




Electrode 



HRP_ 




OHC-C 



II 



25 



Then the active form of the enzyme being recovered by oxidation 
of the organic cof actor in presence of molecular oxygen, see 
mechanism II, The hydrogen peroxide formed during the first 
reaction is subsequently reduced to water by the action of per- 
oxidase. The native form of the second enzyme is re-made either 
by direct reduction of its heme cofactor on the electrode sur- 
face or by receiving electrons from a mediator, maintained in 
•it's reduced form by the potential applied on the graphite 
electrode (50 mV vs. Ag/AgCl) - 



30 



35 



The peroxidase is either reduced by direct reduction of its 
heme cofactor (reaction mechanism II) or by receiving electrons 
from a mediator (M^£T) , such as an osmium based redox polymer 
.(see reaction mechanism III), maintained in its reduced form by 
the potential applied. 



Eloctrodo 



• H 



V /l ITOPA .mactlvel 



(TOPA -Inactive) 



OHC-C' 



III 



wo, 01/02827 



PCT/SEOO/01449 



10 



-6- 



Redox hydro--gels are an effective matrix for enzyme immobilisa- 
tion resulting in increased stability and the enhanced rates of 
the electron transfer. The rate of the electron transfer is 
highly influenced by the composition of the redox hydrogel, as 
well as by the kinetics of the used enzyme (s). Therefore vari- 
ous biosensor designs were considered in order to find the op- 
timal electrode structure displaying the most efficient rate of 
electron transfer . 

■The: structure of the redox polymer [Os (4 , 4 ' -dimetyl-bi- 
pyridine) 2CI complexed to poly (1- vinyl- imidazole) ] is shown in 
following formula: 



15 



20 



25 



35 
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The mono-enzyme- or the bi-enzyme- system is applied on to the 
electrode in three different ways (type 1. II and III). In the 
following, enzyme means mono-enzyme- or bi-enzyme- system if 
not otherwise is stated. 

Biosensor Type I: the enzyme is applied direct on to the elec- 
..trode surface (DET) . The reaction follows reaction mechanism 
II. 

■ Biosensor Type II: the enzyme is entrapped in a redox hydrogel 
and applied on the top of the electrode (MET, one layer elec- 
trode) . The reaction follows reaction mechanism III. 

Biosensor Type III: represent a sequential coating procedure of 
..enzyme and redox polymer (MET. bilayer electrode) . The reaction 



follows also reaction mechanism III. 



Iri'-^order to achieve an effective electron transfer all types of 
biosensors were optimised with regard to amount of immobilised 
enzyme and ratio of the used enzyme (Type I) , composition of 
enzymes : redox polymer : crossl inking agent (Type II) and in- 
fluence of electrode coating procedures (Type III) - 

PREPARATION OF BIOSENSORS 

The biosensors were prepared by modifying graphite electrodes, 
which were prepared as follows: 

i) Rods of spectroscopic graphite (Ringsdorff Werke GmbH, 
Bontn, Germany, type RWOOl, 3.05 mm diameter) were cut, and pol- 
ished on a wet fine emery paper (Tufback, Durite P12 00, Allar, 
Sterling Heights, MI) . 

ii) The electrode surface was rinsed with water, dried at 
room temperature before coating with the enzymes. Three differ- 
ent electrode types were prepared: 

Type I electrodes: were prepared by placing 6 |xl of a premixed 
solution containing various amounts of AO (stock 20 mg/ml in 
phosphate buffer 0.1 M, pH 7.2 (PB) ) and HRP (stock 10 mg/ml in 
PB) on the graphite electrode, 

•Type II electrodes: were prepared by cross-linking 6 ^1 of a 
mixture formed of AO (stock solution 2 0 mg/ml in PB) , HRP 

(stock 10 mg/ml in PB) with an osmium redox hydrogel . The os- 
mium redox hydrogel consisted of PVij-dmeOS (stock 10 mg/ml in 
PB) and PEGDGE (5 mg/ml freshly prepared and used within 15 
min) . The bi-enzyme cross- linked into the redox hydrogel was 
placed on the top of the graphite electrode in different ratios 

in % by weight (w/w) . 

Type III electrodes : was prepared using a sequential coating 
procedure . 
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Type III a - first a premixed solution 6 ixl of HRPi3-<^tneOs, and 
PEGDGE was placed on the top of the electrode. Next, the elec- 
trodes were dried for 1 hour before coating with 6 fxl of AO 
(see table III) . 

Type - III b - first a solution of 6 p.1 of AO was placed on the 
top of the electrode. After drying for 1 hour, the electrodes 
were coated with 6 p.1 of a premixed solution of HRP, PVia-dmeOs, 
and PEGDGE. 

Type III c- in the first step, a drop of HRP solution (6 |il) 
was placed an the top of the electrode, and after its drying, a 
second layer containing 6 p-l of a premixed solution of AO, 
PVI13-dmeOs, and PEGDGE was added. 

Type III d - first a premixed solution of 6 |il of AO, PVij- 
dmeOs, and PEGDGE was placed on the top of the electrode. Next, 
electrodes were dried for 1 hour before coating 6 [il of HRP. 



20 



25 



30 



35 



If not otherwise stated, all modified electrodes were stored at 
4°C for 14 h in a glass beaker and were rinsed with PB before 
use . 

The bi- enzyme graphite electrodes were inserted as the working 
electrode in three electrode cell of wall jet- type placed in a 
single channel flow- injection system containing a manual sample 
injection valve (Valco Instruments Co. Inc., Houston, TX, USA) 
and' a 50 |J.1 injection loop. 

A. peristaltic pump (Alitea AB, Stockholm, Sweden) was used to 
pump the carrier solution at desired flow rates through Teflon 
tubings (0.5 mm i.d.) to the flow cell. A potentionstat (Zata- 
Elektronik, Hoor, Sweden) maintained the constant potential 
between the working and the reference electrode Ag/AgCl (0.1 M 
KCl) . A platinum wire was used as the counter electrode. The 
response current was monitored with a single channel recorder 
(Model BD 111, KippScZonen, Delft, The Netherlands). 
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Operational stability experiments were made using an Automated 
Sample Injection Analyser (Ismatec, Glattgurg- Zurich, Switzer- 
land) by injecting samples of 100 |iM histamine and 50 |iM pu- 
trescine respectively, with a sample through-put of 3 0 injec- 
tions/h using PB as the carrier solution at a flow rate of 
0 . 5ml /min- 

The increasing tendency of the apparent Michaelis-Menten con- 
stant with the amount of immobilised horseradish peroxidase was 
attributed to an increase in the thickness of the total protein 
loading on the electrode surface. The reducing the analytes 
diffusion rate in the film is effected by the influence of the 
protein loading. The maximum current, as well as the biosensors 
sensitivity trend show that the best combination is the one 
containing 8 0% by weight amine oxidase and 2 0% by weight horse- 
radish peroxidase, which has been considered for the further 
experiments. The dynamic range for all the studied biosensors 
.-of .Type I was 1 - 100 ^M for both histamine and putrescine. 

Different characteristics of Type I biosensors were measured 

■ and calculated for different ratios of amine oxidase AO and 

• horseradish peroxidase HRP . The values are introduced into ta- 

■ ble.'l. Where 1^. and K^^^^ values are estimated from Michaelis- 
Menten equation: 

I = (l™ax X [A])/(K„^PP + [A]) 

in table I : A is analyte, S is the sensitivity, calculated as 
Imax/Km^^^, C is the conversion, calculated as Sanaiyte/SH202 and DL 
is'the detection limit, calculated as 3 S/N (signal- to -noise 
ratio) . 



-10- 



TABLE I 



Type of 
elec- 

(w/w) 


Analyte 


( llM^ 


Imax 


S 

\ UU\/ JYlCTn I 


C 


DL 


AO 87% 
HRP 13-5 


Histamine 
Put: ire seine 
H2O2 


2 79±16 
153±15 
93±3 


1 . 03±0 . 02 
1 , 96x0 . 06 
1 . 80±0 .21 


50 . 57±0 . 82 
17b . 4 8x1 . 4 0 
265.13±1.65 


19 . 0 


0 . 16 

n Pi 
U . Ud 


AO" -80% 


Histamine 
Put ire seine 

H2O2 


332±17 
112±8 


134±0. 03 
2 . 07±0 . 06 


55 . 28±0 . 76 
± 0 vJ • o4tXU • y 3 

330.23±1. 02 


16 . 6 


0.20 
u . u / 


AO 67% 
HRF J -i 


Histamine 

ir Uu XT e s c me 
H2O2 


3 70±22 
153±6 


1.3 0±0.03 

^ « XUjlU . U -L 

3.64±0.04 


48 .13±0.14 
325.90+0.56 


14.7 

*x - ^ 


0.25 
0 7 0 


AO: 50% 

HRP "50% 


Histamine 
Putre seine 

H2O2 


437±43 
26 8±23 
175+8 


1,22±0.04 
3 . 05±0 ,10 
3 .83±0.05 


38 .24±1.42 
155 . 90±1 .26 
299.80±0.65 


12.7 
52 .0 


0.33 
0.08 


AO 40% 
HRP 60% 


Histamine 
Put re seine 

H2O2 


441±23 
276±22 
2 06±3 


1.16±0,02 
3 .69±0 . 06 
4 . 94±0 . 03 


36 - 03±0 .75 
183 .14±1.11 
328 . 50±0 .22 


10 .9 
55.7 


0 .34 
0.13 


AO' 33% 
HRP 67% 


Histamine 

Putrescine 

H2O2 


479±41 
287±12 
211±18 


1,37±0,10 
3 . 84±0 . 06 
4 . 95±0 .15 


39 . 18+1 .54 
183 .28±0 .61 
321.36±1.24 


12 .2 
57.0 


0 .41 
0.08 



Redox hydrogel based biosensors were optimised in order to de- 
termine the influence of the redox polycation and the 
crosslinking agent. Table II shows the obtained results. 

If the diffusion barrier increased with the number of added 
components on the electrode surface, a tendency reflected in 
the change of the apparent Michaelis-Menten constants. Km^^^ con- 
stant was increased with about 171% for histamine and 125% for 
putrescine. The introduction of the electrochemical mediator 
caused a considerable improvement in the bioelectrocatalytic 
efficiency, as can be seen from increase in the Imax with 262% 
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for histamine and 141% for putrescine and the sensitivity val- 
ues with 33% for histamine and 7% for putrescine, 

The:r.laydrogen peroxide sensitivity remains practically un- 
changed. The detection limit and also the dynamic range for the 
studied analytes have also been improved in the case of type II 
electrodes . 

In the table DR is the dynamic range and all the other symbols 
are the same as in Table I . 

t . TABLE II 



Type of 
electrode 


Analyte 


(»^) 




S 

(mA/Mcm^) 


C 
% 


(jiM) 


DR 


Type I 


Histamine 
Putrescine 


332±17 
227±16 
112±8 


1,34±0.02 
3 .01±0.07 

2 .70±0 . 06 


55.29±0.73 
181.64±1.01 
330.14±l-02 


16.74 
55.01 


0.16 
0.06 


1-100 
1-100 
1-100 


Type II 


Histamine 
Putrescine 
IH2O2 


901±85 
512±4 0 
977±92 


4 . 85±0 .41 
7 .26±0 .53 
22.8±1.68 


3 .874±1.73 
194 .Xl±1.37 
319.59+1.63 


23 .07 
60.73 


0.33 
0.17 


1-150 
1-400 
1-250 



The effect of the coating procedure for the type II and type 
III biosensors was also studied. Besides coating with a pre- 
mixed solutions of all four components, different possibilities 
of . sequential coatings of the electrode surface, were also 
studied, see Table III. Both HRP and AO can be electrically 
wired to the redox polymer, and thus cause a partial short- 
circuit, when all components are mixed together. This was con- 
firmed for the main substrate, putrescine, for which an in- 
crease in sensitivity of about 30 % was observed for the two 
-layer electrodes (type III), compared to the one-layer elec- 
.trodes (type II). 

No considerable change was observed for the other substrate 
histamine, the slight decrease in sensitivity being not repre- 
sentative considering, the differences of about 10-15 % in 
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electrode preparation. Clearly, the less sensitive electrode 
configuration is represented by type III d type electrodes, for 
which the bias currents due to the wiring of AO are the most 
explicit. Considering the simplicity of electrode preparation 
and the small differences in the electrode characteristics be- 
tween type II and type III electrodes, type II was chosen as 
optimal electrode design. 



TABLE III 



Type of 

electrode 


Analyte 




Imax 
(^A) 


S 

(mA/Mcm^) 


Type II 


Histamine 
Putrescine 


901±85 
512±40 


4 .85±0.41 
7 .26±0 .53 


67.65±1.73 
194 .24+1.46 


Type Ilia 


Histamine 
Putrescine 


789±35 
44 9±34 


3 .56±0.08 
7,72±0.69 


61.80±0.68 
235-53±1.60 


Type- 1 1 lb 


Histamine 
Putrescine 


687±47 
473±28 


2 .66±0 .24 
2 . 04±0 .13 


53 . 03±1.55 
59.08±1.19 


Type IIIc 


Histamine 
Putrescine 


689±33 
422±35 


2 .17±0 . 06 
7 . 83±0 . 82 


43 . 14±0 .75 
254 . 17±1 . 82 


Type Illd 

t 


Histamine 
Putrescine 


649±19 
425±24 


1 . 90±0 . 02 
2 - 14±0 .20 


40 . 10±0 .42 
68.97+1.49 



The influence of various components of the redox hydrogel on 
the biosensor characteristics is shown in Table IV. The in- 
creasing Kcn^P^ in the presence of both PVIi3-dmeOs and PEGDGE 
demonstrated that the diffusion of the substrate was limited. 
This was because of the barrier formed by the mediator and/or 
cross-linking agent (rigidity of the redox hydrogel) on the 
surface of the electrode, which also resulted in an increased 
linear dynamic range. On the other hand, in the presence of 
■crosslinked redox polycationic mediator (PVIia-dmeOs) , the I^ax 
value was 100% increased suggesting that the final reduction 
step of the topa cofactor on the electrode surface is the rate 
limiting step in the absence of the metyldiator. 
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In Table IV the response characteristics of different AO bio- 
sensors . The AO, PVIi3-dmeOs and PEGDGE concentrations were 5 
mg/ml, 2 mg/ml and 0,5 mg/ml, respectively. 



TABLE IV 



Type:* of electrode 






S 


DL 


DR 




(^IM) 


(nA) 


(mA/Mcm^) 




(^lM) 


cWl': " ' AO 


375±34 


164±6 , 5 


5.99±0.09 


2.7 


10-100 


AO + PEGDGE 


755±38 


185±5 . 0 


3 .35±0 .05 


4 .5 


10-150 


AO+OVI 13 ~ dmeOs 


770±14 


235±2 .4 


4 .18±0-02 


3 .7 


10-150 


AO+ PVI 13 - dmeOS+ 


73 0±33 


360±8 . 0 


6 . 76±0 . 05 


2 .2 


10-200 


PEGDGE 
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DESCRIPTION OF THE FIGURES 
Figure J^i^ 



Shows a voltammograra for 100 |iM histamine 
using an AO - HRP modified graphite electrode 

(I) . 



Figure 2 ; 



Figure 3 



Shows the effect of the flow rate on the 
response current and sample throughput of 
Type I biosensors . 

Shows the relative selectivity for different 
amine oxidase substrates, using histamine as 
reference compound, recorded for Type I 
(white) and Type II (black) electrodes- 

Shows the monitoring of freshness in fish 
samples using Type II electrodes. The total 
amine concentration is expressed in histamine 
equivalent units . 



.The bi-enzyme electrodes were optimised with regard to several 
parameters, e.g. working potential, flow rate, influence of 
various enzyme ratios and electrode coating procedure. 



Figure 4 



30 
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Hydrodynamic voltammcgrams were recorded using 100 ^xM histamine 
as substrate and using an AO-HRP-modif ied type I electrodes in 
order to establish the optimal working potential- The voltam- 
mogram, together .with the ratio between the response and the 
5 background current obtained in the same conditions, respec- 
tively, are shown in Figure 1- Although the response of the 
biosensor drastically increased when the applied potential was 
below -lOOmV so did the background current^ which demonstrates 
. a possible oxygen reduction interference with the biosensing 
10 -process. A potential of -50 mV vs. Ag/AgCl was chosen as a com- 
promise between the response and the background current . The 
background current obtained in the same condition (lo) / ^.nd the 
ratio between them (I/Io) - Conditions: electrode Type I , AO : 
HRP 1 : 1 (w/w) , flow rate 0,5 ml/min. 

15 

The influence of carrier flow rate on the biosensor response 
for histamine was also considered for type I electrodes, the 
results are presented in Figure 2 . The decrease in peak height 
with the increase in flow rate demonstrates a limitation due 

20 either to the bioconversion of the amine siibstrate by AO or to 
the. reduction of H2O2 by the direct electron transfer between 
HRP and the graphite electrode- According to the obtained re- 
sults an optimal working flow rate was chosen to be 0.5 ml/min, 
,as-a compromise between the biosensor kinetics and its sample 

25 ..throughput. Conditions: injections of 100 \M histamine, AO : 
HRP 1 : 1 (w/w) , applied potential -50 mV vs. Ag/AgCl. 

Type II biosensors '.:ere further characterised with regard to 
selectivity, response time, operational and storage stability. 

30 Figure 3 shows the relative selectivity for different AO sub- 
strates, using histamine as a reference compoxind, since it is a 
biomarker of major interest. As seen, the response for ali- 
phatic amines is generally higher than those observed for the 
aromatic ones. Also, type II biosensors yielded higher sensi- 

35 tivities than type I ones, probably caused by better electron- 
transfer kinetics. 
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The response time of the sensor, calculated as the time elapsed 
between 5% and 95% of response height, was fast (less than 1 
min) . 

The • operational stability of the biosensor was studied both for 
histamine and putrescine as substrate . The response current of 
the bi-enzymatic enzyme electrode decreased with about 30% and 
50% for histamine and putrescine, respectively. This after 10 h 
of .continues operation with a sample throughput of 30 injec- 
tions/h. The storage stability of the electrodes was good, a 
decrease of only about 10% and 15% being observed fore hista- 
mine and putrescine, respectively, after 10 days of storage. 

The , substrates are histamine His, cystamine Cys, tyramine Tyr, 
) spermidine Spr, etylenediamine EDA, agmatine Agm, putrescine 
Put,., cadaver ine Cad, z-Ab-Z-1 , 4-diamino-2-butene and E-Ab-E- 
1 , 4 - diamine- 2 -butene . 

The optimised biosensor was considered for monitoring bioge- 
0 netic amines in real samples. The differentiation between the 
. signals given by different amines is not possible, only the 
total amine content in a sample could be determined. Triplets 
of. -1.0 g of fish samples were taken from fish-muscles from tro- 
. bot - Psetta maxima - and were kept in different conditions. 
5 The samples were homogenised in 10 ml PB. The homogenates were 
centrifuged at 13000 g for 60 min at 4°C. The supernatants were 
separated and immediately analysed by direct injection into the 
flow system. The fish-muscle samples, which had been kept both 
at/4°C and 25''C for 10 days, were analysed after extraction in 
30 PB by direct injection in the flow system. The total amine con- 
tent expressed in histamine equivalents is presented in Figure 
4. The maximum accepted limit for total amine concentration in 
food products is 100 to 200 mg/kg samples, and a concentration 
' .of. 1000 mg/kg is considered to be toxic. After 3 days of stor- 
35 age at room temperature, the fish- samples become improper to 
consume, while even after 10 days of storage at 4°C there are 
not any major changes in the total amine concentration. 



CLAIMS 



1. A biosensor for the detection and/or the determination 
of freshness biomarkers, such as biogenic amines, comprising an 
electrode and a mono -enzyme system of an amine oxidase or a bi- 
enzyme system of an amine oxidase and a peroxidase, character- 
ised in that the amine oxidase is a copper- containing amine 
oxidase derived from grass pea (AO, E.G. 1.4,3.6). 

2. The biosensor according to claim 1, characterised in 
that the bi-enzyme system contains said copper-containing amine 
oxidase derived from grass pea coupled with horseradish, soy- 
bean, tobacco, sweet potato or palmtree peroxidase. 

3. The biosensor according to claim 2, characterised in 
that the peroxidase is horseradish peroxidase. 

4. The biosensor according to any of the preceding claims, 
characterised in that the mono -enzyme or the bi-enzyme system 
is crosslinked into an osmium based redox polymer. 

5 . The biosensor according to claim 4 , characterised in 
that the osmium based redox polymer includes poly ( 1-vinyl- 
imidazole) complexed with [Os (4 , 4 • -dimetyl-bi-pyridin) 2 Cl]""^^* 
and poly (etyleneglycol)diglycidyl- ether, as the crosslinking 
agent . 

6. The biosensor according to any of the preceding claims, 
characterised in that the biosensor is of Type I, Type II or 
Type III type of biosensor; wherein 

Type I: the mono-enzyme or the bi-enzyme system is added direct 
on to the electrode surface; or 

Type II: the mono-enzyme or the bi-enzyme system is entrapped 
in the osmium based redox polymer added on the top of the elec- 
trode; or 



Type III: the mono-enzyme or the bi-enzyme system and the 
osmium based redox polymer forms sequential coatings added on 
top of the electrode. 

7. The biosensor according to claim 6, characterised in 
that the biosensor of Type III is one of Type III a. Type III 
b. Type III c or Type III d, wherein 

Type III a: a second coating of the mono- enzyme is coating a 
dried layer of peroxidase and redox hydrogel; or 

Type III b: a second coating of peroxidase and redox hydrogel 
is coating a dried layer of the mono-enzyme; or 

Type III c: a second coating of the mono-enzyme entrapped in 
redox hydrogel is coating a dried layer of peroxidase; or 

Type III d: a second coating of peroxidase is coating a dried 
layer of mono-enzyme entrapped in redox hydrogel. 

8, The biosensor according to any of the preceding claims, 
characterised in that the electrode is of noble metals, such as 
gold, silver, platinum, palladium, or carbon/graphite-based 
material, such as graphite, carbon paste, vitrous carbon, car- 
bon fibres, or conducting salts, or conducting polymers 

9- The biosensor according to claim 8, characterised in 

that the electrode is made of graphite. 

10. Use of the biosensor according to any of claims 1 to 9, 
as an analytical instrument or tool for the detection or deter- 
mination of freshness biomarkers or of the content of freshness 
biomarkers in food, such as meat from animals or fishes, or 
beverages . 

11. Use of the biosensor according to any of claims 1 to 9, 
as an analytical instrument or tool for the detection or deter- 
mination of biogenic amines, preferably histamine, in body flu- 
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ids, such as blood, urine, saliva, sweat, in medical diagnoses 
or in the treatment of diseases. 



12. Use of the biosensor according to any of claims 1 to 9, 

5 as an analytical instrument or tool for the detection or deter- 
mination of biogenic amines, preferably histamine, in microdi- 
alysates or dialysates . 
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I hereby declare that all statement made herein of my own knowledge are true and that all statements made on information and belief are believed to be ime: and 
further that these statemenfs were made with the knowledge that willful false statements and the like so made are punishable byline or imprisonment or both, 
under section 1001 of Title 18 of the United States Code, and that such willtul fialse statements may jeopardize the validity of the application or any patent issuing 
thereon. 
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Sl3 M 



-I-- and/ar?p9nfC59 "to pnmotarto ttifts appncaUarr artfl transact^ eta^lnasm 'm 

StBNW W.>A!Na.necL. iJix SMSK Stephen A. Bedcar, Re^, No. »S27; Jofin G. Blablkfs, JJloo, Nc. 

"^"iSlS- e*crt» Rfifl. NoL 42,4045 Bomsrd P- Codd. Nfl- ifl.WS; 

. ^B/WrMwar^M- Oun«n. R^fl. «o, gB.BTS? ShamtiaOo.EBGroB-CuiiiniTDg5. Rag. NbL 

;, PBTfluaon, Red- Na SMOIj MTEhaal E. Pogai^, Aii0. No, 39,139; JohH Fyiat, Rtfdii Kip. 37 327; 

a J.i4ftlrtltt>)tt£i»V. Uipcv Raff. NOL 2a.a63; Qormsh T, Uaihte W, Be* rL ii^OT; MldlS?) a. Meas^n^. 

■a jDseoh H. psiqu/ti, ft-B, Kd, ai.ft47; 5cartt 0. Paul. Nc. aa.BM; wnnom D. Pcga. flspi No. 

; « fWhfffifi, No. ;}3^S1; drt3iT |C SMcmA. Rb^. No. Sl^5,1: Joy Ann Saniusta, a^g, Afe. 
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COMBINED DECLAFJATION FOR PATENT APPLICATIOM AND POWER OF ATTORNEY 

(Indudes Reference to PCT IntBmatlonai Appllcaiion(s) 



Altome/s Docket Number 
501S9-026 



As below named inventor, I hereby dedare that 

My residence, post office address and cltl2;enship are as stated below next tir> rny name, 

i balieve 1 am the original, first and sol^^Joventor {ff only one name Is listed b^ilouv) or an ortgindl, first end Joint Inventor (If plural names are listed befow) of the 
subject matter wtiich is claimed^ aj^fcsii^l^i^^^^fBnt Is sought on the invention entitled: 

BIOSENSOR 

\ 

the spedficalidn of which: 

□ is attached hereto. 

was filed as United States application Serial No. 
on January 2. 2Q02 



10/019.651 



and was amended on January 2 and May 2, 2D02 

BI was faed as PCT international application Number PCT/SE0oyoi4<»Q 
on July 2000 



(if applicable). 



and was amended under PGT ArUde 19 on 



iwiarch 7. 200i 



(if applicable). 



I hereby state that I have revievued and understand the contents of the above^ldanDfled specfficatibn. including the daims. as amended by any amendment 

referred to alcove. 

I acknawiedsa the duty (a disclose Information which Is known to ma tQ ba mstsHal to patentabillly In acczMtlance with Titis 37, Code of Federal Regulations. 

§1.56. 

I hereby daim foreign priority lienefits under Title 35. United States Code, §1 1 3(aHd) Or Section 365(D> of any foreign and/or fntiamaUonal applicaUon(9) for 
patent or Inventor's certtflcale or 3ectlon 36S(a) of any PCT International application (s) designating at least one cnuntry other than the United States of 
America listed below and have also identified below any foreign applicaUon(s) for patent or Inventor's certltlcatfi or any PCT IntematiOnai appliraUon(s) 
designanng at least one country other than the Unlte»d Statas of America fHod l>y.me on the same subject matter having a filing data before that of the 
app|ication(5) of which priority Is daimedi 



PRIOR FOREIGN/PCT APPLlCATIONfS) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. lid: 



COUhFTRY 
(if PCT. indicate ^ycT") 



APPUCATION NUMBER 



DATE OF FILING 
(day, month, year) 



PRIORITY CLAIMEP 
UNDER 35 use 119 



PCT 



PCr/36Q0/01449 



SWEDEN 



9902603-0 



Julys. 2000 



ayes DNo 



July 6, 1999 



HYes pNo 



I hereby c ialm the benefit under 35 USC §1 1 9(e) of any United States provisional applicatlon(s) listed below. 
PRIOR PROVISIONAL APPUCATiON(S>: 



Application Number 



FIBng Date 



